Experimental Research on The Mechanism of Lift Amplification and Vibration Suppression of Lorentz Force  by Zhang, Hui et al.
Available online at www.sciencedirect.comScienceDirect
Defence Technology 9 (2013) 85e90
www.elsevier.com/locate/dtExperimental Research on The Mechanism of Lift Amplification
and Vibration Suppression of Lorentz Force
Hui ZHANG, Bao-chun FAN*, Zhi-hua CHEN, Hong-zhi LI, Bao-ming LI
Science and Technology on Transient Physics Laboratory, Nanjing University of Science and Technology, Nanjing 210094, China
Received 12 January 2012; revised 13 March 2012; accepted 15 October 2012
Available online 12 November 2013AbstractThe Lorentz force generated by electromagnetic field on the surface of the cylinder in the electrolyte solution may modify the structures of
the flow boundary layer effectively. The transient control process of Lorentz force is investigated experimentally for lift amplification and
vibration suppression. The experiments are conducted in a rotating annular tank filled with a low-conducting electrolyte. A cylinder with an
electro-magnetic actuator is placed into the electrolyte. The lift force of cylinder is measured using the strain gages attached to a fixed beam, and
the flow fields are visualized by the dye markers. The results show that the upper vortex on the cylinder is suppressed, and the wake becomes a
line and leans to the lower side under the action of upside Lorentz force while the lower vortex on the cylinder is suppressed and limited in a
small region. Therefore, the value of lift increases with the variation of flow field. However, the vortexes on the cylinder are suppressed fully
under the action of symmetrical Lorentz force which leads to the suppression of lift oscillation and then the vibration of cylinder are suppressed
fully.
Copyright  2013, China Ordnance Society. Production and hosting by Elsevier B.V. All rights reserved.
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The viscous flow passing a moving body may induce
reduction in its speed, structural vibration and even unsteadi-
ness which is usually undesired, which can be suppressed by
controlling the boundary layer generally. The increase in ef-
ficiency, the improvement of stability, the fuel saving and the
decrease in moving body weight can be obtained by control-
ling the boundary layer of body which is worth improving the
performance of planes, ships, missiles and rockets.* Corresponding author.
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http://dx.doi.org/10.1016/j.dt.2012.10.001Many approaches have been found to control the cylinder
wake [1e3]. Some of them do not need the energy input called
passive control, such as the use of splitter plates behind a
circular cylinder or the addition of secondary cylinder in the
wake etc. Some of them need the energy input called active
control, such as rotary oscillation control of a cylinder wake,
sound wave disturbance, suction and blowing, thermal effect
and so on. For active control, the energy input for flow field
can be adjusted based on the condition of flow field, viz.
feedback control which is more useful. Using an electromag-
netic field control the flow on the boundary layer is an active
control approach which is easy to change the direction of
Lorentz force and achieve the feedback control, even for
MEMS system of concern. In the middle of the 20th century,
the control of electrolyte solution with Lorentz force was
desired. Gailitis [4] developed an electro-magnetic actuator
consisting of alternating pairs of electrodes and magnets to
create a stream wise Lorentz force in weakly conductive fluids
which can modify the structures of boundary layer and wake.ction and hosting by Elsevier B.V. All rights reserved.
Fig. 2. Typical photo of cylinder covered with electrodes and magnets.
86 H. ZHANG et al. / Defence Technology 9 (2013) 85e90Weier et al. [5] presented the results from experiment on the
control of the flow around a cylinder by means of electro-
magnetic force. A circular cylindrical test body was covered
with electrodes and magnets which were used to create the
Lorentz force parallel to the body surface, and the suppressing
effect of Lorentz force for flow separation and Karman vortex
streets have been confirmed. Crawford [6] discussed the dis-
tribution of electromagnetic field and Lorentz force. The
mechanism of drag reduction has been investigated deeply
through the experiment and numerical simulation in our
research. Moreover, the control of cylinder wake is optimized
with the nonlinear optimal control theory [7e9]. A report on
the experimental study of lift amplification and vibration
suppression with Lorentz force, especially for the transient
control process, has been found.
In the paper, the transient control process of Lorentz forces
is investigated experimentally for the lift amplification and
vibration suppression. The upper vortex of cylinder is sup-
pressed and the wake becomes a line leaning to the lower side
by applying an upside Lorentz force, while the lower vortex of
cylinder is suppressed and limited in a small region. Therefore,
the value of lift increases with the variation of flow field.
However, the vortex shedding behind the vibrating cylinder is
suppressed fully by applying a symmetrical Lorentz force
which leads to the effective oscillatory suppression of lift and
then the vibration of cylinder are suppressed fully.
2. Experimental devices
The actuator of circular cylinder which is covered with
alternating electrodes andmagnets along the span of the cylinder
is shown in Fig. 1 The cylinder is inserted in the flow electrolyte
according to the direction shown in Fig. 1 In this way, the Lor-
entz force of which its direction parallel to the flow direction
based on the right-hand rule (F ¼ J  B) is obtained on the
cylinder surface. Therefore, the flow is accelerated with Lorentz
force which leads to boundary layer modification. Obviously,
the boundary layer can be controlled by Lorentz force which is
generated by electro-magnetic actuators.Fig. 1. Schematic diagram of cylinder wake controlled by Lorentz force.
Fig. 3. Liquid circle container used for experiment.
Fig. 4. Lift test system.
Fig. 5. Periodical variations of cylinder wakes.
87H. ZHANG et al. / Defence Technology 9 (2013) 85e90In our experiment, the actuator of circular cylinder which is
coveredwith electrodes andmagnets along the spanof the cylinder
is shown in Fig. 2. The magnetism material NdeFeeB is chosen
as the magnets which intensity of about 1 T and the platinum
copper as the electrodes which are connected in parallel. The
widths of electric andmagnetic poles are a 4mm. The diameter of
cylinder is 2 cm, which is covered with 8 sets of electrodes (gray)
and magnets (black), and its total length is 80 mm.
Experimentswere performed in a rotating annular tankwhich
is made from Plexiglas to visualize the flow pattern shown in
Fig. 3 The inner and exterior diameters, depth and thickness of
the tank are 1000 mm, 2000 mm, 350 mm and 15 mm,Fig. 6. Variation processes of the wake flow fielrespectively. The test fluid is a mixture of copper sulfate
(CuSO4) and water which has almost the same density and
conductivity as seawater. The tank is driven by a 3-phase gear-
motor, its rotation speed can be adjusted from 0.08 rpm to
10 rpm by modifying the driving frequency of the engine, cor-
responding to a fluid velocity range from 0.0023 to 1.0472 m/s.
Our experiments show that the flow is stable after approximately
10 min from startup, the Reynolds number is about 150.
In order to measure the lift of cylinder, the cylinder is
attached to one end of the sheet metal of which the other end is
fixed on the shaft above the tank, as shown in Fig. 4 The
cylinder covered with the actuators is inserted in the mixtureds under the action of upper Lorentz force.
Fig. 7. Signals of lift on the cylinder surface with application of upper Lorentz
force.
88 H. ZHANG et al. / Defence Technology 9 (2013) 85e90of copper sulfate (CuSO4). The position and depth of cylinder
can be adjusted with bracket. A strain gage sensor was
deformed due to the displacement of cylinder under the action
of fluid. Therefore, the lift can be obtained with the output of
electric signal which is generated from the strain gage sensor.
Potassium permanganate (KMnO4) is selected as a marker
to show a dark violet color, which is injected into the fluid
slowly on the upstream of cylinder and flows with fluid.
Therefore, the wake and vortex street can be described
distinctly. The shaft is fixed on a regulator to avoid vibration
while the wake and control of fixed cylinder are investigated.
On the other hand, the shaft is freely appended on the regulator
when the vortex-induced vibration and control of cylinder are
investigated, which vibrates in a simple harmonic way under
the action of hydrodynamic force.
3. Results and discussions3.1. Lift amplificationThe cylinder covered with the actuators is inserted in the
flow electrolyte. The photos of cylinder wake at four typical
moments (A, B, C and D based on the development of vortex)
for uniform flow Re ¼ 150 are shown in Fig. 5. The main
character of wake is periodically alternating separation.Fig. 8. The periodical variationsAt the time A, the upper vortex is clearly visualized, and
the interaction of the lower and upper shed vortices becomes
so strong that the near weak flow is affected equally by the two
shed vortices. For further evolution of flow field, the upper
shed vortex becomes the dominant one in the near-wake flow
at the time B. At the same time, the lower shear layer begins to
roll up, which is the onset of the lower vortex. The strength of
the upper vortex decays and that of the lower vortex increases
as the upper vortex moves downstream. At the time C, the
lower vortex is clearly visualized, and the interaction of the
upper and lower shed vortices becomes so strong that the near
weak flow is affected equally by the two shed vortices again
where the flow pattern is symmetric with the flow field at the
time A. Similarly, the flow field at the time D is symmetrical
with that at the time B with the development of flow field.
Finally, one entire period of cylinder wake ends while the
upper vortex is clearly visualized again which flow field is the
same as that at the time A.
The upper Lorentz force generated by the electro-magnetic
actuator is applied only on the upper half surface of the cyl-
inder. With enough large Lorentz force, the total control pro-
cess is shown in Fig. 6(a)e(f). The cylinder wake shows the
characteristics of Karman vortex street where the Lorentz
force is turned off, as shown in Fig. 6(a); the flow on the upper
surface of the cylinder is accelerated by the Lorentz force
which causes the flow separation point to move downstream,
as shown in Fig. 6(b); then, the vortex on the upper surface
move downstream away from the cylinder by applying Lorentz
force, as shown in Fig. 6(c) and (d); with the suppression of
vortexes on the upper surface of cylinder, the wake becomes a
line leaning to lower side, and the vortexes on the lower sur-
face of cylinder are suppressed and limited in a small region,
as shown in Fig. 6(e) and (f).
The variation of flow field leads to the variation of force on
the cylinder. The experimental signals of lift on the cylinder
surface with and without Lorentz force are shown in Fig. 7.
Under the action of upper Lorentz force, the signal increases
rapidly, which vibration amplitude decreases considerably. It is
showed that the lift increases and the vibration decreases, which
means the cylinder lift increase with the upper Lorentz force.of vortex-induced flow field.
Fig. 9. Variation process of vortex-induced flow field under the action of Lorentz force.
89H. ZHANG et al. / Defence Technology 9 (2013) 85e903.2. Vibration suppressionThe cylinder vibrates along the transverse direction under
the action of the periodical lift while the limitation along the
transverse direction (perpendicular to the flow direction) is
canceled. The flow field is modified due to the fluid around the
cylinder affected by the vibration of the cylinder which further
leads to the variation of cylinder hydrodynamic force. The
vortex-induced vibrations at four typical moments for uniform
flow Re ¼ 150 are shown in Fig. 8. Since the upper vortex and
lower vortex are shed at upper and lower maximum dis-
placements related to the cylinder, the vortex street formed is
composed of two parallel rows with an opposite signs of the
vortices.
At the time A, the cylinder located at the equilibrium po-
sition moves down at the maximum velocity, and the upper
and lower vortices affect the near wake equally. Then the
velocity of cylinder decreases and the strength of upper vortex
increases. The upper vortex becomes a dominant one as the
cylinder is located at the lower end at the time B and then
moves upward. At the time C, the cylinder is located at the
equilibrium position, moving up at the maximum velocity,
which flow field is symmetric with that at the time A. At the
time D, the cylinder reaches the uppermost position. The lowerFig. 10. Variations of lift signal during the control process.vortex dominates the near wake flow. As the time goes on, the
cylinder moves down. Finally, at the time A again, one entire
cycle of the vortex shedding and cylinder vibration is
completed.
With the application of symmetrical Lorentz force, the total
control process is shown in Fig. 9(a)e(f). In Fig. 9, the vortex
street formed is composed of two parallel rows with an
opposite sign of the vortices on the downstream of vibration
cylinder without application of Lorentz force, as shown in
Fig. 9(a); the flow on the surface of the cylinder is accelerated
by the Lorentz force which causes the flow separation point to
move downstream and disappear gradually, as shown in
Fig. 9(b); the vortexes move downstream away from the cyl-
inder under the action of Lorentz force and the vibration
amplitude of cylinder begins to decrease, as shown in
Fig. 9(c); the vortex shedding is suppressed fully and the vi-
bration is decayed rapidly, as shown in Fig. 9(d) and (e);
finally, the vibration is suppressed fully so that the flow field is
steady, as shown in Fig. 9(f).
The variation of flow field leads to the variation of force on
the cylinder. Fig. 10 shows the variation of lift signal during
the control process of vortex-induced vibration for Re ¼ 150.
Obviously, the vibration amplitude of the lift signal decreases
rapidly under the action of Lorentz force. It is shown that the
vibration of lift is suppressed effectively, which means the
vibration of cylinder suppressed effectively with symmetrical
Lorentz force.
4. Conclusions
The Lorentz force generated by electromagnetic field on the
surface of the cylinder in the electrolyte solution may modify
the structures of the flow boundary layer effectively. In this
paper, the mechanism of lift amplification and vibration sup-
pression under the action of Lorentz force was investigated
experimentally. The results show that the upper vortex of
cylinder is suppressed and the wake becomes a line leaning to
90 H. ZHANG et al. / Defence Technology 9 (2013) 85e90the lower side under the action of upside Lorentz force while
the lower vortex of cylinder is suppressed and limited in a
small region. Therefore, the value of lift increases with the
variation of flow field. However, the vortexes of cylinder are
suppressed fully under the action of symmetrical Lorentz force
which leads to the effective oscillatory suppression of lift and
then the vibration of cylinder are suppressed fully.Acknowledgment
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